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1. Introduction

Through funding from NASA’s Mars Instrument Development Program (MIDP), we have been evaluating the use
of LIBS for future use on landers and rovers to Mars.  Of particular interest is the use of LIBS for stand-off
measurements of geological samples up to 20 meters from the instrument.  Very preliminary work on such remote
LIBS measurements based on large laboratory type equipment was carried out about a decade ago [1].  Recent work
has characterized the capabilities using more compact instrumentation [2] and some measurements have been
conducted with LIBS on a NASA rover testbed [3].

There is interest in LIBS for this application because of its many unique analysis capabilities compared to
methods of elemental analysis used on previous missions and instruments being considered for near term flights.
These are methods are x-ray fluorescence (Viking) and APXS (Pathfinder and two 2003 missions).  Important LIBS
advantages include: (1) Rapid analysis - i.e. each laser pulse generates one plasma and one measurement.  (Many
spectra may be averaged together, however, to increase accuracy/precision and average out sample
inhomogeneities.); (2) All elements (high and low z) can be detected; (3) Stand-off analysis capability – the laser
pulse can be focused at a distance on a solid to generate the laser plasma for remote analysis [4]; (4) Surface
cleaning – repetitive sampling at the same spot permits ablation through weathered surfaces to reach the underlying
bulk rock and provides ejection of dust from a surface [2].

2. Experimental apparatus

Two set-ups were used here.  The first consisted of a large laboratory-sized laser (Spectra-Physics GCR-11) and
spectrograph (Chromex 0.5 m) with a gated CCD detector (Andor Technology, InstaSpec V).  This system was
similar to that used in a previous study [2].  The second set-up was a prototype LIBS instrument used on 2000/2001
rover [3] and field tests.  It consists of a compact flashlamp-pumped Nd:YAG laser (80 mJ/pulse, 0.1 Hz, 1064 nm),
an adjustable beam focusing system (6.4 cm diameter lens) to focus the pulses on remotely located samples and
collect the plasma light.  The collected light is transported to the detection system consisting of a compact echelle
spectrograph (Catalina Scientific Inc., l/Dl=2500) and a gated-intensified array detector.  Data analysis is provided
by manufacturer-supplied software and software written in-house combining peak searches with calibration
protocols.

3. Analysis requirements for Mars

This work is being carried out with emphasis on analysis requirements important to understanding Mars geology.
Current knowledge is based on data from XRF (Viking) and APXS (Pathfinder), from the SNC meteorites, and from
remote sensing, (TES, Themis, and GRS data).  Only major element compositions have been obtained directly using
XRF and APXS as TES and Themis can only infer elemental compositions.  Minor and trace elements have been
determined from the SNC meterorites, however.  Uncertainties in major element concentrations have been large (Fe
~25% and Si ~10% [5]), which, along with the absence of mineralogical data, has left ambiguous whether the rocks
were igneous or sedimentary [6]. In addition, the existence of weathered coatings on the rocks complicates the issue
as the true composition of the underlying rock may not have been measured: TES results suggest that much of the



northern hemisphere is andesitic [7] but the data may also be interpreted as partially weathered basalt [8].  Detailed
characterization of such coatings, if they exist, is very important not just to understand the underlying rock types, but
also because of the wealth of information regarding atmosphere-surface interactions leading to weathering.
Therefore, it is important that major elements be measured to ±10% and to have the ability to ablate through with the
capability to remove dust coatings and to depth profile through weathering rinds or coatings, at a spatial resolution
of several microns.

Minor and trace element compositions are important in determining the provenance of rocks and dusts.  For
example, the global dust component likely arose from a combination of basaltic weathering plus a sulfur-rich
component of either volcanic aerosol or hydrothermal origin.  Major elements cannot distinguish between these
components, but minor and trace element compositions should be completely diagnostic, as ratios such as Ba/Li or
Zn/Li are predicted to vary by several orders of magnitude between proposed sources [9].  Likewise, minor and trace
elements are important constraints on sedimentary processes. Therefore trace element detection of at least 10 species
should be measurable with detection limits < 100 ppm to ±40%, including Ba, Li, Rb, Sr with detection limits £ 20
ppm.  The ability to measure these separately in dust and in pristine rocks is required.

4.  Matrix effects

The laser spark is known to exhibit both physical and chemical matrix effects.  These can limit the ability to quantify
a LIBS measurement, especially for complex matrices represented by geological samples.  An example of the effect

Fig. 1.  Calibration curves for the detection of Sr in (left) synthetic silicates samples having the same bulk composition and
(right) stream sediments with different bulk matrix compositions.

of the matrix is shown in Figure 1.  The data on the left refers to a calibration curve prepared using a set of synthetic
silicate standards with a uniform bulk matrix composition but having significant variations in trace and minor
elements.  The data on the right correspond to stream sediment samples with variations in the concentration of major
elements composing the matrix. These data were obtained with the samples placed in a 7 Torr CO2 atmosphere at a
distance of 19 m.  Pulses of 80 mJ were used to interrogate the samples.  It is clear that the bulk matrix effects the
calibration for Sr as the data obtained using samples having different bulk compositions is significantly less
correlated than the data obtained using samples having the same bulk compositions.  Similar results showing greater
difference between the two curves were obtained for other elements.  The physical states of the samples used here
were are identical,l all being finely ground powders of uniform size.  In terms of use on board a Mars lander or
rover, the complete lack of sample preparation capability limits the ability to quantify even more.  Therefore, study
of the effect of the matrix both in terms of sample inhomogeneity and differences in bulk composition is important.

5.  Detection Limits, Accuracy, and Precision

Measurement accuracy and precision are important for reasons described in Section 3.  Representative values of

0

0.5

1

1.5

2

2.5

3

0 200 400 600

Sr (ppm)

 

0

0.5

1

1.5

2

0 50 100 150 200 250

Sr (ppm)

Table 1.  Accuracy and Precision
element accuracy precision
Al 4.4% 5.1%
Cr 7.7 5.6
Mg 3.2 5.2
Mn 4.2 3.8
Si 4.7 3.7
Sr 6.3 6.5



these are listed in Table 1 for measurements taken at a distance of 2.3 meters using the compact LIBS prototype
instrument and 14 certified standards as samples.

6.  Other Detection Capabilities

In addition to geological targets, other targets are of interest such as ice (i.e. for missions that may focus on the Mars
polar regions).  The ability to detect ice is shown in Figure 2.  Identification is via the OH bandhead emission at
306.4 nm.  This spectrum was acquired at a distance of 3 meters with the ice sample in 7 Torr CO2. In addition to the
simple identification of ice as evidence of water, there is also interest in detecting dusts that may be mixed with the
ice and have become stratified over time.

Fig. 2.  LIBS spectrum acquired from an ice sample using the compact LIBS prototype instrument.  The OH bandhead at
306.4 nm is clearly evident
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